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FXECUTIVE SUMMARY

1. Background. The Tender and Repair Ship Load List (TARSLL) specifies

the range and depth of the items carried by cach destroyer tender (AD) and
repair ship (AR). Separate load lists arce prepared for the Atlantic and
Pacific, but all Abs and ARS in Lhe sume ocean carry the same load. The
current set of computations for AD/AR PARSLL was developed and approved by
the Naval Supply Systems Command (COMNAVSUPSYSCOM) more than 15 years ago.
Since then there have hoen numerous revisions, additions and deletions to

the mathomatical modetl, i.0., the computational rules. There nhas not been,
howover, any nyatematic cvalustion of thiec model or of the AD/AR TARSLL
production proce:s during that time.

2. Approach. ‘This study Legan by evaluating four alternative ways of ex~
tracting data to build tho load list candidate file. Aspects of the model
that wore evaluated include the runge, depth and protection level constraints,
the Avegage Quarterly bemand (ARD)  ond risk of stockout computations, the
efteutivenens ooal, and the une of separate cffectivencss guals for different
segeents of Line candidate file,  The use of manual override quantitics was
atan evalmtod,

M teut fowd Lind C wore hased an Jdata extracted from the Navy Ships
Parta vontrol Conter (L000) fales in 1979-1940.  The demands used to build
the: Joad 1iata coverevd the pegaend July 1977 through Junc 1979, The test
lenwls were thoen evaluated by «vwparing the computed load list quantity with
0 dayx of aubmkmequent octual tender demand.  Evaluations were made for each
tvpe oF wender for deployed ated YKL Cwonarios,

Lo Pindings aowl Recommorddations.  The condidate file analysis showed that

large ancterues an the <ize of Uw candidate file prosduce large increases in

w
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the size and cost of the load list but only small increases in effectiveness.
Though the differences between the largest and smallest loads in terms of range
(22,000 to 14,000 items) and cost ($3.7 million to $1.9 million) were signifi-
cant, the differences in cffectiveness never excecded five pcrcent and were
often much smaller. The maximum gross effectiveness if all candidate items
were stocked varied from 80-90% for all candidate file:u, indicating that

most evaluation period demands were for candidate items.

The model evaluation indicated that elimination of the range cut would
result in increased range and dollar value, but decrecascd effectivencss.

This apparent paradox, more stock but less effecctivencss, occurs bhecause the
lack of a range cut changes the mix of items on the load 1ist. The items added
do not satisfy as many demands as did the items delcted. Similarly, the study
showed that the current criteria were more cost-effective than the other
alternatives for computing AQD, cowmputing stockout risk, setting minimum/
maximum protection levels, and setting effectiveness goals.

This study also identifies several areas where changes will produce a more
cost-effective load list. The basic change proposed is that the candidate
file be divided into two segments; items which have experienced demand during
the two year history used to build the candidate filc should be separated
from items which have not cxperienced demands. It is recommended that future
AD/AR TARSLL loads be built with a lower range cut for demand-based items thon
for items with no historical demand. It is also recommended that all manual
overrides for demand-based items be climinated. While overrides for demand-
based items did improve load list effectiveness when used with current pro-
cedures, they also raised the cost of the load list. The study, however, .

showed that the revised procedures recommended above, which utilize a lower

ii




range cut for demand-based items, can reduce cost 500-700 thousand dollars

T —

for the same effectiveness or increase the number of requisitions satisfied

S
PR}

. as much as 113 for the same dollars, even if overrides are eliminated.

2 Finally, the study showed that current depth constraints on items with no
historical demand tend to increase cost and decrease effectiveness. Items
are constrained when high predicted usage is not reflected in the historical
; demand data. The items are also excluded from load list c¢ffectiveness cal-

‘ culations for the same reason. Such adjustments to the effectiveness

- computations produce changes in the stocking levels of many other items and
here result in increased load list costs and lower load list effectiveness.
Furthermore, depth constrajints tend to decrease support for new weapons being

introduced into the Fleet. Therefore, these constraints should be eliminated.

it
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from 1 July 1977 through 30 June 1979. The final composition of the four

candidate files used in Lhe study is shown in 'PABLE T1.

TABLE 1I

TARSLIL CANDIDATE FILE

SYSTEM USED TO NR ITEMS NR ITEMS ONI.Y TOTAL NR ITEMS
SELECT APLS FROM WSF IN DMD FILI IN CANDIDATE FTLE
H1 304,705 12,407 317,112
H7 150,310 14,236 164,546
IM2 176,487 14,237 190,724
L 1980 117,450 18,981 136,431

It should be noted that the candidate file range is less than the sum of all
items extracted from the WSF plus all items from the MLSKF demand file. For
example, in TABLE II, the Hl candidate file containg 317,112 items of which
304,705 are WSF items but only 12,407 of the 25,029 in the MLSF demand file
are included in the candidate file count. This occurs because each separate
National Item Identification Number (NIIN) on the WSEF extract produces a
corresponding record on the candidate tape, but only records unique to the demand
file produce additional candidate records. If the same NIIN appears on both
the WS .nd MLSF demand extracts only a single cundidate record containing
data from both sources is built.

Each of the four candidate files listed in TABILE 11 was used with the
current AD/AR TARSLL mathematical model program to build a test load list.
The adjustable parameters in the model werc set at the values selected during
the production of the 1980 Atlantic AD/AR TARSIL. A list of the model's
variable parameters and the settings used throughout this study are found in

APPENDIX A. Using current model simulation procedures, cach of the four test




loads was designed to have o predicted net requisition cffectiveness of 90%.
Range and price statistics for the test load lists built following these

procedures are shown in TABIL.E III.

TABLL T

RANGYE, AND DOLLAR VALUE STALISTICS FOR ALTERNATE CANDIDATE FPILES

CANDIDATE CANDIDATE LOAD LIST LOAD LIST COST
FILE RANGE RANGE (MILLIONS)

H1 317,112 22,023 $3.715
H7 164,546 18,711 2.859

M2 190,724 18,187 2.353
1980 136,431 14,480 1.906

In order to evaluate thesc loads and the candidate files from which they

are derived, it is necessary to meuasure the degree to which each load meets

the performance goals it was built to achieve. The goal is the same for all
four test loads. for a 90 day period, the load list should satisfy 90% of
the requisitions for items carried on the load list without augmenting or
resupplying the load list in any way.

rthe evaluation proccedure consists of matching the load list against all
the demands oxperienced by an actual AD or AR during a 90 day period and
measuring the number of demands which the load list assets can satisfy. The
demand used in the evaluation connot be for the same time period as the demand
used in doveloping the loads or the results will be biased.

The data used in the cevaluation process for this astudy consist of demands
lor two different 90 day periods from cach of two tenders, the USS VULCAN

(AR 5) and the USS YOSEMITE (AD 19). The demands used to build the load lists




covered the period from 1 July 1977 to 30 June 1979. As TABLE 1V shows, the

demand used in the evaluations did not duplicate any of the load list demand.

TABLE IV

EVALUATION DEMAND DATA

DEPLOYED OR CONUS W
TENDER DURING DEMAND PKRIOD TIME PERIOD
USS VULCAN (AR 5) Deployed Med 1 Oct 79 to 31 Dec 79
. USS VULCAN (AR 5) CONUS 1 Mar 80 to 31 May 80
USS YOSEMITE (AD 19) Deployed Med 1 Feb 80 to 30 Apr 80
USS YOSEMITE (AD 19) CONUS 1 Jul 79 to 30 Sep 79

The evaluation program measures the effectiveness of each load list in terms
of the number of NIINs satisfied, the number of requisitions satisfied, and
the number of units satisfied. In each of these categories, the effectiveness
is calculated in two different ways, net effectiveness ~ the percent of load
list items demanded that are satisfied, and gross effectiveness ~ the percent
of all demands that are satisfied.

Each of the four test loads described in TABLE 111 was matched against
each of the four evaluation tapes. The results of thcese runs are shown in
TABLE V.

It is noted that all cffectiveness mcasurcs in this report reflect the
ability of the load list guantity to satisfy 90 days of demand with no resupply
and no consideration of additional Demund-Bascd Item (DB1) levels computed by
the ship. A review of all Atlantic AD/AR ship supply cffectiveness reports
for 1980 indicates that actual gross requisition effectiveness dgenerally varies

between 55-70%, while net requisition effectiveneuss qgenerally varies between




85-90%. The study effectiveness values were Yencrally 3 the low L0s for

grons and low A0s for net effoctiveness,
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In each case, only 1,000 to 1,800 items sliowed demand in any one quarter on
a given tender. However, it is important to emphasize that current policy
identifies the AD/AR TARSLL as war reserve stock. Thus, it is the ability
to provide required intermediate level maintenance support in the period
immediately after mobilization that determines how well the AD/AR TARSLI,
fulfills its missinn., Since this study cannot direcctly measure the load
lint's responsc to wartime demunds, instead it measurcd the load's ability
to supply peacetime Fleet demands. Although only u small number of items
experienced peacatime demand on a given tender in a given quarter, the load
is largely uan insurance lovel and it was not possible to measurc how many
items would be demanded acruss the entire Fleet under mobilization condi-
tions. It is noted that a previous PMSO study (ALRAND Working Memorandum
358 of 3 June 1980) showed that AD/AR demands are very erratic with most
items experiencing long intervals botwuen demand. Over a seven year demdnd
history in each Pleet, about 52% of the items experienced demand in only
one of the seven years. Only 2,700 - 3,000 itoms in gach Fleet experienced
demand in each of the seven years. Purthermore, almost half the items
demanded over the seven year period were unique to a single AD or AR. Thus
it is not unexpected that a large portion of the load list range, which

is built to support an enmtire Fleet over a three ycar period, would
experience no demand on o given tender in a given guarter.

Since the TARLE V cffectiveness is affected by the model range criteria
as well as the candidate file, evaluations were carried one gtep further
by mathematically computing the maxismm possible effectiveness each candidate
file can produce. This method has an advantage in that it is a direct

,\ weasurewent of the candidate file itself and not of a load list built from a

12

| | |




candidate file. This value is derived hy adding the data on load list items
experiencing demands to the data on nonload list candidate items experiencing
demands and dividing by the total number of demands. The result is the
maximum gross effectiveness that could be achicved hy a candidate file dur-
ing a given demand period if every candidate item was stocked. This value
can be computed for NIINs, requisitions, or units.

The results of the maximum possible effectiveness computations appear
on TABLE VII and show that the Hl candidatc file has the highest maximum
effectiveness in every category of all four evaluations. The 3M2 candidate
file has the second highest effecctiveness in eight of the 12 categories and
cither the H7 or 1980 filces ure always the least effective. While the H1
file contains more than twice as many candidate items as the 1980 load,
the difference between them in terms of maximum NIIN or requisition effective-
ness 13 never more than 5%. The difference in maximum units effectiveness
is only 0.7% or less. For the IM2 und 1980 files, the difference in
maximum c¢lfectivene:s ks gencerally less than 14, 1t 58 noted that the
maximum qros: effectivenc:s values are generally in the #0-90%% ranqce,
indicating that most demands are for candidate items.

Clearly, the basic tact demonstrated in these tests i1s that the
of foct venens of a candudate tile and the load laist built from it tends to
increase aus the numher of ttems 1o the file or load list increcases. If
other things remain constant, larace increases an the range of the candidate
filee will produee amall ancreases in effectiveness but much larger increases
i tood et col e ange. Ty similarity of the TARLE VIE vailues for
caech o comedetate v le et the g i fterenee be tween Thee PAKLE WV andd TAREL VI
ol e s bht Flee e Y tanqe cpriteria have o greater impes ot than

the candidate file selection,
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111,  TARLSLL MATHEDATICA. Mouilt
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later in the routines that compute load list depth and load 1ist
effectiveness. Two separate procedures can be used to compute the AQD.
Each uses different data to makce the computations.

The AQD can be computed as the simple average of historical demand or
the AQD can be computed by multiplying the item's BRI® by its population on
the ships supported by the load list. The current model is desiguned to favor
the ~omputation based on historical demand. It will automatically select
that option for any item with historical demand, even if the BRF and popu-
lation data are also available. Only when an item has no demand history is
the BRF times population procedure used.

A proposed new procedure for AQD computations is cvaluated in this study.
when historical demand data are available, the AQD is computed both with
historical demands and with the BRF times supported population. “The larger
of the two values of AQD is used in the remaining model computations. The
IM2 candidate tape was used to evaluate the effect this and all future
changes to the model would have on the load lists it produced. A demand
and price profile of the 3M2 candidate file, based on the current AQD
computation, is presented in APPENDIX B. The two load lists were built
from the 3M2 candidate file. The first used the current 1980 AD/AR TARSLL
model program without any changes. The second load was built using a
model which contained the routine that sclects the larger AQD. Both were
built to provide 90% net requisition effectiveness. FFfor this and all
future tests, the cvaluation was limited to the USS VULCAN (AR 5) demands
during a CONUS assignment (March 1980 through May 1980). The results are

shown in TABLE XI.
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TABLE XI

IMPACT OF ALTERNATIVE AQD COMPUTATION

LOAD LIST LL COST TOTAL TOTAL

MODEL LL RANGE| (MILLIONS) | REQNS SATISFIED| UNITS SATISFIED
1980 AD/AR TARSLL 18,187 $2.328 1,269 42,588
"Larger AQD" Model 18,889 2.487 1,283 42,554
+(3.8%) +(6.8%) +(1.1%) -(0.1%)

This evaluation demonstrates that the new "larger AQD" routine will satisfy
about 1% (14) more requisitions but will also increase costs and slightly
reduce the number of units satisfied.

D. RISK OF STOCKOUT. The current AD/AR TARSLL model computes a load list

quantity by using a variable risk procedure. The model computes an acceptable
risk of stockout for each item based on its unit price, average demand and

essentiality.

(Unit Price) (Average Requisition Size)

2 . = A
Risk (Essentiality)

where A is a control parameter set to achieve the stated effectiveness goal.
In the past, therc have been no meaningful essentiality codes assigned. As
a substitute for this lack of data, the AQU is currently used as a measure
of essentiality when an item has experienced historical demand. If an item
has no demand history, the "essentiality"” for the item is developed in a
special model routine using the item's population, its component to mission
Military Musentiality Code (MEC) and its part to component MEC. A full
description of the "essentiality” development routine is found in APPENDIX C.

Use of the AQD as an "essentiality” measure tends to ensure that the faster
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moving items receive high protection levels (low risk of stockout). After

reviewing the current model program, SPCC recommended that the procedure
for computing the "essentiality" for nondemand-based items be revised.

SPCC requested that the AQD based on BRF times supported population be used
as the "essentiality" for items with no demand history.

This proposed change to the current model was cvaluated using the same
technigue described earlier. Two loads were built and then evaluated using
actual tender demand. One load was built using thc present model risk
equation and associated procedures. The other load used a model containing
the revised risk equation with AQD as a measure of "essentiality" for all
items, as recommended by SPCC. Both loads were developed from the 3M2
candidate file and both were evaluated using the AR 5 (CONUS) demand file.

The results are shown in TABLE XII.

TABLE XII

IMPACT OF REVISED "ESSENTIALITY" IN RISK FORMULA

RISK LL CosT TOTAL TOTAL
EQUATION LL RANGE (MILLIONS) REQNS SATISFIED UNITS SATISFIED
Current 18,187 $2.328 1,269 42,588
Revised 18,187 2.325 1,155 37,583

-(0.1%) -(9.0%) -(11.8%)

The use of the revised risk equation with AQD as the essentiality for all
items caused large reductions in the performance of the load list in this
evaluation. There is a current initiative to assign Mission Criticality
Codes (MCCs) to all equipments installed on-board ships. Upon completion

of this effort, it is anticipated that further study will be initiated to

22




incorporate these codes as the essentiality measure in the rick computation.

E. PROTECTION LEVEL CONSTRAINTS. Protection is the complement of risk, i.e.,

protection equals one minus risk. To compute the load list guantities on
the AD/AR TARSLI, the mathematical model program computes a separate risk/
protection for each item. While the value of risk/protection will vary from
item to item, constraints applied to the computations prevent extreme or
unacceptable values. These constraints, the maximum allowable risk and the
minimum allowable risk, are adjustable and can be set at any value. It is
4lso possible to set them at the same level, producing a fixed protection
load in which all item:s have the same or a “fixed" risk/protection.
Historically, the maximum and minimum constraints on risk hive been set

at 97.725% and 2.275%, resulting in minimum and maximum protection levels

of 2.275% and 97.725%, respectively. These values have produced load lists
that meet the recquired ¢ffectiveness goals while keeping costs as low as
possible.  These loads provide the highest support to low cost items with
the highest riates of demand and only minimum support to higher priced items
with lower rates of demand. This study examined the load list produced

when the standard comtraiatls on computed protection are changed. 1In
particular, the study examined a load bullt using « ¢0% minimum protection
instead ol the usual L2075 (A0L maxvouam risk vice 97.72%%) . Por this load,
the constraint on max snum protection remained at v7.725%4,  These are the
constraints currently proposced for the lact Issuce Load List (F1ILL) .  The
toad with the revised mintemian oomstraint was buillt and evaluated in the same

manner described cariier in the otud,. The results ire shown in TABLE XITI.




TABLE XIII

IMPACT OF 60% MINIMUM PROTECTION CONSTRAINT

PROTECTION

LEVEL LL COST TOTAL TOTAL
CONSTRAINTS LL RANGE (MILLIONS) REON SATISFIEDlAyNITS SATISVTIFD

— -
!

MAX = 97.725 18,187 $2.328 1,209 42,5488
MIN = 2.275
MAX = 97.725 18,187 3.225 1,281 41,161
MIN = 60.0 +(38.5%) +{1.0%) -(3.3%)

The evaluation showed that increasing the minimum protection constraint

raises the cost of the load list and the increcase can be significant.

The

change has much less effect on load list performance, but as the decrease’

in units effectiveness shows, the change does not improve the loads

overall performance.

The change also had no impact on the effectiveness

for repairable items, possibly due to the low volume of demands (16) for

repairables on the load list.

F. EFFECTIVENESS GOAL.

Specific effectiveness goals have been assigned to

the AD/AR TARSLL in the official instructions which control load list

development.

Currently, the goal is defined as the ability to satisfy 90%

of the requisitions for load list items that are received during a 90 day

period without any resupply.

For this study, a load list was developed

based upon a net units satisfied effectiveness goal rather than the present

net requisition satisfied goal.

To build this load list, a small revision

had to be made to the risk equation in the load list math model program.

When effectiveness is measured in terms of requisitions satisfied, the risk

equation includes an item's unit price, essentiality and average reguisition

size.
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(Unit Price) {(Average Requisition Size)

Risk = ()

(Bssaentiality)

When effectiveness is measured in terms of units satisfied, the average

requisition size is deleted from the risk cquation.

(Unit Price)
(Essentiality)

Risk = (})

In both equations, the "essentiality" is represented by either the item's
AQD or by the relative item esscntiality derived from the item's MEC (see
APPENDIX C).

The load list built with a 90% net units satisfied cffectiveness goal
was evaluated using the standard procedures used throughout this project.

The results are shown below in TABLE XIV.

TABLE XIV

IMPACT OF UNITS VS REQUISITIONS EFFECTIVENESS GOAL

EFFECTIVENESS LOAD LL COST TOTAL TOTAL |
GOAL LIST RANGE | (MILLIONS) | REQON SATISFIED{ UNITS SATISFIED !

1]

904 Net Requi- 18,187 $2.328 1,269 42,588 }
sitions ; {
Satisfied E
90% Net Units 18,187 2.358 1,275 42,577 i
satisfied +(1.3%) F(0.5%) -(0.03%) f
1]

The evaluation results showed that the change from requisitions satisfied

to units satisfied produced only a small increase in cost and almost no
change in the effectiveness.

G. SIMULATION SEGMENTATIOM. 1In all the loads buile thus far for this study,

no «differentiation has been made among the candidate items during the simula-




tion process. Historically, in building other types of load lists the
candidate file has generally been broken into segmenty befure Lhe simulation
process is begun. This is done by grouping together all items having some
common characteristics not found in the other candidate items and applying
the effectiveness goal to each separate category. A common pkocedurc is to
segment the candidates into Bquipment-Related (LR) and Noncguipment-Related
(NER) groups. For ER/NER items, a segmented simulation is used because the
math model emphasizes cost effectiveness and tends to increase the depth of
cheaper NER items at the expense of the depth for more costly ER items.
Because of the range cut procedures currently used with the AD/AR TARSLL
a segmented simulation process does not affect the range of the load list.
In this study, three different methods of dividing the candidate file
were evaluated to determine if any of the procedures could improve load list
effectiveness. The file was first divided into ER and NER segments, then
into segments based upon each item's stores account, and finally into one
group which had experienced historical demand and another group which had
not. The ER/NER segments were evaluated first. Candidate items for the AD/AR
TARSLL are defined to be ER if the item was contained in the WSF extract
or if the item appeared in both the WSF and MLSF demand file extracts.
Ttems which were only in the MLSF demand file extract are defined to be
NER. (Since the WSF extract does not include all APLs on the supported
ships, the ER/NER coding may be misleading.) Using tho segmented simulation
procedure, both the ER and NER items were simulated separately until each
group had a predicted net requisition effectiveness of 90%. A total AD/AR
TARSLL was computed by merging the results of the separate ER and NER

simulations into a single load list. This merged ER/NER load was then




evaluated using the same procedurces employved previously in this study.

The sccond load built using a4 sagmented simulation divided the candidate file
into two parts based on the item's stores account code, which is the first
character of rhe cognizance symbol. Items with a stores account code of
1, 3, 5 ar 9 (consumahlcs) were placed in one yroup, while those with 2, 4, 5,
7 or 8 (repairuables) were placed in the other. Again, both groups were
separately simulated to have o predicted net requisition effectiveness of 90%,
then merged into a single load before the stundard evaluation was accomplished.
The final segmented simulation again divided the candidate file into two
groups. One group contained all the items with one nr more historical demands
reported during the last two vears. The other group contained all the items
with no demands reported in the last two years. The same procedure was
followed as with the other sequented loads. Both groups were simulated to
the same 90% net requisition effectiveness, then merged into a single load
whirh was evaluated using the standard procedures of this study.

TABLL XV contains the results from the evaluations of the three segmented

load lisits plus the Jdata trom o load built with no segmented simulation.




TABLE XV

IMPACT OF SEGMENTED SIMULATION

!
' LOND LIST l Ll. COST

LL BUILDING ' TOTAL. TrrAL.
PROCESS RANCGE (MILLIONS) REAN SATLLELED | UNPEL GATUESETRD
No Seyment: IR, 187 $2.328 1,000 4., 00
ER/NER Segments 18,147 2.3 1,09 41,06
+(1.9) +«(1.7%) 100 An)
Stores Account 18,187 2.370 1,'%0 41,829
Segments +(1.8%) -(1.0%) -(1.8v)
Demand/No Demand 18,187 2.380 1,304 42,73}
Segments +(2.2%) +(1.8v) ¢ (0. \)

m———

NOTE:

All percentages use the No Segmant )oad list as the base.

The evaluation results indicate that both the ER/NER and the Lemand/No

Demand segmented load lists outperform the nonsegmented loed, but using a

stores account segmented procedure reduces overall loud list effoctiveness.

The ER/NER produces the largest increase in units satisfied while the

demand/no demand load produces the highest requisition coffectiveness.

TABLE XVI shows a further breakdown of the segmentoed loads, showing the

contribution each individual seqgment maikes toward load list cost and

effectiveness.

28




U040 e R8I Lol LB LT T RN

Y EY 1} o ! HEEW B 4 POt Al ‘ MOTAL
LOAD oF Tt Tt R RS CPR
LISt LOAL LBy | Maw ! TIIER L. N f"-:.u:.:.,,i R YmE Lt i
N 1 .
k"--"-',r" — . — ~—; - - -~ - —t‘ v - - - - - ' - - - vv1
: (] l" Ly, it i " : ' ! L,y ;
v N P ! i ) ' . A
FR/NER : s b ey . { V) ,
(N 1,600 i T LR : v, by, J
e Bry ’ R SNELY (8 e, 1 (70, 0y {
m*—*%*‘v"*‘kov -—4-#—4———-—--———~—~-T——,~-—$—- S e - ‘;r i i"”-‘.“
Doman ¢ LR R E i J.o40 ‘ Telo { G, L0
(a1, vu . (9, vy L SIS B (a8, 88}
|9 30 WY IV ¥ N
N hemand R D gl Ve ki . 1,000 AR Y
¢ S LR R MR L FIRLY 1y 4%y o (MY
wﬂ . By e —{*-r- -~ - - —f T me e - e - e - e —— - . B i |
L] il
[ IR | LELI I I ¥ | 1,. 64 & w7
. Lterge tr oo gt Par ) vy %y 1 [ENSTTY | [RLX. I § ‘ (a, 27 )
; ) i
:'u““";'"' AR PN T ! O R T 1; .l
: fWepaitable w1 . oy } 14,08y (. W.4) (0,98
1 1
e o e oan . m o emia N " SN - - .Ai e A . @ A L e e e e

Thi: tHkle chews 1t Teag than §% of dlwo Towi L33t 3toms and jes: than I8

ol the clemar b werr Ter reguaa® dede s gt hed yayayss s thowed that thete

wete onlo 0 demoand . o BPeer 1@t sonl et L the heye mode ), ant e fied
} ' oF thewm, CRRE R XN s aws aPuves Y " o sege gttt segnent of the Joad Jist
‘ BT SENAE BT 1Y SN A Y R L2 X 2 R VR fy vl o P ytatus owto, ok
LRI T RN 2 R S TR A 4 | LT Yo L LI T A e e g +
©oament et Tt e, v R A R S R RS R 1
' rarnpt [EEE A1 Y SR I sty LY [ N e T R VR
. [ oy, ® ’ N & 3 §4 Ve,
the e i e ot | [ . . v
' Place i ar ot B oy e e et o me ae a ame




BVt Y SV T Y S NS EETINTS TRV RV I 1L Y SO § TR Y TR R L YRR 3 T R B T VIR VAR |
R tlofMite ANe ity Tatod Sl CoMMPWA B Tona o A e o Ao .

T™is feviow IS 2locd KRal iGxihe b Ul "LIRedid " sugiiond Red ©G. 5, died
IR RN i EFR i B bvawesy whed <. Bt 2l Uit oftnrt juirmne . Nt 30N hiad

P MAFOL R R wn skt Rdeg Thuroie ol Fern ® Jumbiees g 10 ) ae dinows wd An C8e

fus At Swich L uh

V., OUERRIDE AMuAL st

Fog Bhe ENE0 AOLAR PRRSRT . ol ) MIAIIAIN st A g R sl A Mo M
et fide raigne o opwon 2F e Brund $ S0 pund ally o cghdfa 3o $¢ (Au.
PABGLE Habl Mesle b comprale . o waluge Fot et Rhion A thus bW v # 4 gole @l ofy
the Aumber compuisd by the meth Mot je sccaptad nd L Mcwieved , e

cofpated it ity (o Teox Ehav ThE MiklAae St tid , Thic AIniMER Juabd 8y

toplacee the compatet pumiily wnd Ao wuttids i2 avid Yo B plied L 1

cOMPRtat e, TRBLE WoI] dhowe the calibed o f Ainiman ottt i dea pplied o

the "mwmanci /N Demanel o Ronted Joend Ljel |

Tapr Vit

AT of NINIPUN JORNTITY e s

roras
st PHONS &t § &7
14 £ L { SATEIED] SATIWFIPL

4. - - PRUSERSRSUIE NV

total Loat List [3o- " 1.08) 1, a0 47,791
mented by et/ N wwmaesd? l

Demangd ttowme with MNeryridee ; L33 22 420 s, 349
(3. 7xv* 1) ) * 11, .7%y® $5 . 38 *

o Dewmand ttewe with { ) |
vttt idese J

*fercent of total load list qewitity.




PR 62 MoMHI 4 N Lo PR s Wt . Cothee oL
7 YIRS REPY T ITRRY VIR . - 4 COMA gk e e e ey e
LT RETAR N I TP ST O TP ~ —Liv er A

Y 1 B R e bl e ey 4 [ TR Y PR TP
[P AT ITRTRE.SET . T TR G » Yoo Ve PP ie e
s [EEYY T I A AR v P G NCERTITYOT IR}
[P IET°2LT0° V1 JEETETE N ) N M e v e vhe [ T N Y L Y Wy 4 Y
™Me Vivie “woulee 9 2 e e e PR 4 oo Cot e e
TAE  usw PAYYR TS T PR T T Y R 'Y W ©orge i . e 1ok
AMpe ump . e fot ez N DR ! TYYRRETNIR I 7TV N YO TN . PRV O TTPT R
PRV TV X1, O BEYERY e e e s e ws o guad B N N I
WM sl g RRR R R PN L L Y™ TR : [ ST MRt e B [
LI Y R o, PR - Phgg P P PR P SO - TRV PR TE LR BRIy 17V e :
LIS ) e b e e A w o Rea 1 "R L PiZL L w Mo [RTVT XV I
N TR EYILIE BN ERLYTY o, Rt B gdl g e B L YVY FYYLETI YT S EEY TR g4y
ot ’ ST I ~ LI Bt st M e [ v W LA e ie g
R TR T o e - - - voee o » £ A by YT
s b B B BT - e L A T - [REC TN . ¢ (LIRS LU

{ue

ciiy

I LT T PO

e

ceed




3

n
b

Bt 422

20 The BT I SRS L 2T 1RV R LS 3 KT o0
TuoN T o i i AMEIME W 4

R L)
Rl K TSI AT IS UL Ty g
IR el " AN et L LR N Y, N (L _E R
Eurew CopBw Wi, ooWN: e CMA e SR At BUL IR ar R X
L 4
)
1
». R \ 4
Aemid i . By  hm LR 4 e ' P LT ! ac 4o
!
Y S TRtYY |} } LR B33 o g¥t ole BN 1 N S
]
b VRPN ey gy Fyn T GaA r iy, Y@ s 0 Yay

PAPLIE WEEEE aMowe MNMaK fuMeM i ug cumtd n B ddlvce: Toudl I3 effa tjvanens
(B LYe Fowemd $otgai 2= 50 2l vept: asl yal usrdy, Sl kllae cgte (he coal «f
Tt Baratid (Buie 1 KM@ Jod@ Nyt By C§8 Clord )y T8 dmducerd el ga
et dble Bt BRe Lowet sFFm 8 iamngae J& o

B e PN Ly BTV oS # u A P ckiiemad el (Rmagpe i (ho Toadt Jeat
Bhe gt pbil i By eeyeod TRal 1he swadt pdive cioduiX hyus 2Tfentmd 1he ooty
frarguenmd sotlisr. e acstiist fecle wmte foveh @ittt Jveitidee Lo ipeaate
ot The R iginnl teapite hud Wl Ween hisend by 1he ~wsttidpe.  While 1he
Warlate drlnge in he seagiic ~Ramgnd, the 2t jonailigie etwpen the vatious
Bael [P Pu paet? 2 TS cmel et gl Blg rop Tage § et Aog dwead S the
gl Peete P rav? wr Fed

B e ~F SR rrsage 88 cye? Wik $%e guett YAS wete Yamowsd, 8
v ez % Bpmeh Tonde were By Y Gttt cmec i B W ity aevrt 0] 39§ ferent
Mt el le g an ARNempt Be Bewe g » porelare Thayt wwld cotasin the
Iwee et af SRe faud Bat tarae "he affardysmrene Bt to The Jevele

ool by fhe [ravie 938% swarpydiee. e firct three ~F thewe tew tect

loube t* it 3 el § #h oD 3 T~ mpniwn variwe ~f proted tyom




oo b s b e b bag ity el W aae g v f g tec o Toy eact. itoem,
The angast el ot BeC Loy Mo, B b gfect Uoafe Tlae vales nelected for othe “$loor®

Bl L8 a0 L b oaecy Tt

© A1% Sharen the resultas frum the evaluation

of  faMasdelasae! LRlewis e U Lde Thie€ suads,

b W B

ARACT o GLEMENATEN L oy pmETas AN RAT AN, MINIMUM D ROTITION LEVEL
WO MANG MACTAL PTENIS OLY)

- - s e g . . -i? e — M,,,.,__.,,,,,,,,__.*_,.' —— ,
f NUMLIR  C RUMBER !
i . ;
TR Y D0 MARE: < 2y D DEMASE  1yims REGNS 0 UNITS X
Lf.t".!' FREIRS LUV R T (IR Tem) { SATLISELLD - LATISTIE |
- = ' K % - - xeesosrs R e i e f s - -m.—-‘;

) | i . i
bawmt 1ouat N Y . 1.4y 1,129 ¢ A0,".2% ;
Wkl e e ‘ )

Il ‘ v

! pn
L ST T s SR LIPS JhE 1,094 . 36,047 .
Reu B 4 0on RARE Y b ! : : ‘
&Ky v eri Wpa . i l .
; ' '
Wirnpmak g B P . . T6AR v 1,0R7 c 35,004
[ P20 BT N E
Nes g g e ! )
’
' !
' Mioetean Ty o ! nLtet i . 1,065 j 14,714
b tec L e - RO : ‘
) N ey R ; v ' i
= - RO wem i . e e o b Amm—— e A—— - - -
AL A CEE o, fhe reagit ot e test . wete the cracl opposite
¢ 0w e b . A AT T A A F IV B . oy use an the
AL v w s woeo on 0 F ke roemration ard oan,t e fectavenp s to
L T S L IECTR [P0 "N S S
O R ST TW o swty ot aey proe iates andicata b thut increases
- AL O S A crv e} pr i tgurvec s bt BY weaurce Was tried
L I A ' [ A 2N e 1tem: Sudl b b toaned te anvrease
el SRR LA, T TRV T A A rothe VYol Tt




Mag increasned by reducing the value of the range cut. Pour test loads

were built und cvaluated.  TABLE XX prescnts o comparison between Che domand

items on test luads built without overrides using the current amd reduced

fange cuts and a load list built using overrides.

TABLE XX

IMPACT OF ELIMINATING OVERRIDES AND LOWERTNG RANGE U
(DFEMAND-RASED ITEMS ONLY)

3 R ( T '

' ! RANGF. i COST OF TOTAT, T TOTAIL
tOAD OVERRIDES: CUT | RANGE OF {  DEMAND REQNS | UNITS
©LEET USED POINT [ DEMAND ITEMS: ITEMS (MILLIONS) | SATISKIELD - SATISFIED

k—x’: " S s -+ c——t—— Y W
;0 Yot ARy 9,436 $1.245 L1129 ; 40,529
| ¢ wo 8 9,421 .477 1,099 . 36,281
t : _ C = (61.7%) -(2.7%) . -(10.5%)
. ’ 2
3 i ! i
P > 4 12,122 .744 1,170 ! 36,320
’ ' ' . T =(40.2%) +(3.6%) 1 ~(10.4%)
f : ! ]
e ™ 3 ' 12,06) : .897 1,195 | 36,335
| , . =(28.0%) +(5.9%) i - (10.4%)
' i !
. H L4
s L 2 ' 14,50 1.243 1,234 ! 36,353
} i i -(0.2%) +(9.3%) | -(10.3%)
« ) e l 17,013 2.057 1,292 36,395
[ i +(65.2%) +(14.4%) | -(10.2%)

the albrwe table shows that 1t is pousible to remove the overrides from

the taat List anet, by also reducing the range cut point for demand-based

t*eme, prohece 3 heapnt Jead with lagher regquisition of fectiveness (see

Toambe 1Y,

&, atet SY,

he it effectiverness produced by the load list with overrides.

trwevrt, none nf the tost loads were able to match

Further

walveie indicates that the 101 differrnce in the number of units satisfied

1t lavuelv -~aused bty cvertides applied Lo four or five cheap, fast moving




items, and a single item accounts for about three-fourthn of the 10%
difference. These data are presented in TABLE XXI which shows the 20 demand
items from the #4 load Ji:t which had the largest number of unsatisfied

demand:s: during the load list evaluation. The items ure listed in order

by the numhcr of units not satisfied.




L TABLE XXI
2

1 LOAD LIST #4 ITEMS WITH THE MOST NOT SATISFIRD DEMANDS
MODFT, '
’ ITEM UNITS DEMANDED COMPUTLED ‘ UNI'T OVIERRIDE
NR  UNITS SHOKT | DURING EVALUATTON L/T QUANTETY PRICE $] COGY QUANTITY
, - ]
1 g 4,829 8,000 3,171 i L0 9% 0
! 2 ; 3,149 9,600 6,451 { .05 ¢ 46,287
b3 1,676 1,800 : 124 1.45 | 9oc 0
4 , 1,100 1,491 391 .18 92 0
5 é 1,000 1,000 * * * 0

. 6 980 } 980 * * * 0

) 7 896 900 4 .89 | oc 0

3 g ! 618 1,100 482 .02 | o9z} 3,000

9 500 500 * * . 0
10 ‘ 500 500 * * * 0
11 i 419 ! 500 81 .86 1H 0
12 ; 390 1,050 : 660 .16 97 7,511

3 13 366 409 : 43 3.01 9p 0
14 g 300 300 * * * o
15 ; 293 293 * * * 0]
16 292 400 108 .38 9% a3]
17 258 500 242 1.13 9C 0
18 252 252 * * * 0
19 251 500 249 .68 i 1,000

i | 20 245 300 55 .05 | oz 0

- *Items not in candidate or override file.

: Along with the number of units short, the table also shows the number of
units demanded during the evaluation and the load list quantity computed by
the model. The difference between the units demanded and the load list

; quantity is the number of units short or not sotisfied. If overrides had

been used in this load list, items #2, 8, 12, 16, and 19 would have used
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the override quantity instead of the quantity computed by the model. A

comparison between the units demanded and the override quantity for these
five items show that none of them would have had any unsatisfied demands
in the load with overrides. TABLE XX shows that the demand items with
overrides satisfied 40,529 units while the demand items from load list #4
without overrides satisfied only 36,335 items, a difference of 4,194 units.
The difference in units satisfied for the five items shown above between
the model computed depth and the override quantity is 4,700 units. This
difference is enough to explain the improved units effectiveness produced
when the overrides are used. Each of the five items is very inexpensive
and has cxperienced high demand in the past.

The high units effectiveness and relatively high cost of the override
items was examined further through the frequency distribution shown in
TABLE XX1I. The override quantity for each of the override items from
load list #1 of TABLE XX is compared with the model computed quantity for

the same item produced by load list #4 from the same table.




TABLE XXII

FREQUENCY DISTRIBUTION OF OVERRIDE QUANTITY VS COMPUTED 1.0AD T.IST QUANTITY

gg:gTiéiT OVERRIDE QUANTITY FOR SAME ITEMS
COMPUTED g 101- ] 1001-
BY MODEL 0 [1-10 [11-20| 21-30 31-40| 41-50} 51-00| 61-60| p1-100| 1000 | 999 1999
] T :
"o tog 2 7 400 14 2 1 - 3 -0 -
i1 ' les !sa o2 6 ‘ 10 B 1 11 § - f 1
2 1 4 21 6 8 2 ¢ 1 5 + - L .
L3 BERRET 6 ! a4 2 1 2 a i1, 24 - .
| a L2 5 10 ? 6 6 i 3 1 3 1 f o2 - | -
15 S 4 . 4 305 3§ 2 4 2 4 - - | -
le I 2 4 ] 5 4 3 b o2 Yo E - i -
7 f - 1 1,1 2 3 ‘ a . 4 o3 - é -
8 g 1 - 1 % 70 03 1 i 5 i 2 é 4 % - -
9 - - S T O T i - -
0-19 ¢ 1 - |1 5 1 6 5 7 t13 lua }ag - -
20-20 . - | - - - 2 203 o1 b b2 -
-39 1 o= | - S - i - .2 g 6 1y -
40-49 | | - - - - 1 - - b - ey - -
50-59 SR - - - - - - N -
60-69 | i - - - - - - - . -
70-79 -] - - - - - - - 6| - -
80-89 -l - - - - - 1 - 6 1 -
90-99 - - - - - - - - s | - -
> 99 - 2 1 - - - - 1 14 | 28 3
o8 (w00 | 76 | 64 36 40 53 | 4s 120 | 34 4

The distribution data show the override quantity was generally
significantly higher (often more than double) than the model computed

quantity.




A small random sample of the override items was sclected in order to
make a comparison between the override guantity and the historical demand
for the item. For every item in the sample shown in TABLE XXIII, the
override quantity, which is theoretically supposed to satisfy 90 days of
demand, is the equivalent of more than two years of demand for one tender.
In one instance (see item 14) the override quantity represents more than 200
years of average demand. The data from this table and the carlier frequency
distribution clearly indicale that the override quantity assigned to many
items is excessive when compared to the expected demand for the item and
causes an unnecessary expense.

TABLLE XXIII also contains data from the AR 5 (CONUS) live data
evaluation which shows that only three items from the sample were demanded
during the evatluation period. for items #13 and 15, both the override
and the computed quantity werce sufficient to satisfy all the demands, but
for item #1, the computed quantity could not £ill all the units demanded.

In cummary, the overrides generally apply to historical demand items,
the overrides o contribute to the effectivenes: measures, but the
override quantities are [requently excessive. A more cost ceffective
approach would be to limit the overrides and expand the range of demand-

bLased item:.
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V. RELATED STUDIES

Before the study described in this report was completed, & study was
released by the Naval Postgraduate School (NAVPGSCOL) which also analyzed
the AD/AR TARSLL math model. The study in entitled "An Analysis of the 1977
AD/AR TARSLL" of September 1980 and was prepared by Licutenant Commander
James llargrove, Jr. Efforts were made in this FMS0O study to aveoid unneccssary
repetition of the studies described in that report. Therce are duplications,
however, because portions of the analysis had been complcted before the
NAVPCSCOL report was reccived and reviewed. Areas included in the NAVPGSCOL
study that were not covered by this FMSO study include the use of frequency
distributions other than the Normal distribution to represent demands, and
the effaects of time on lvad list performance. The NAVPGSUOL study analyzed
both the Poisson and Gamwma distributions as substitutes for the Normal
distribution currently used in the AL/AR TAKRSLL math model. The study found
that the load lists built with the Poisson and the Gamma distributions had
tlower et fectivenes: than the luad built with a Normal Jastribution, and
recommended continued use of the Normal distribution. The study also reported
on the resulls of a test which measured the changes in load list effectiveness
that ovccur over time. The study tound that overall effectiveness declined
less than 5% over a twe year period., #ased on this and the stability nf
the demand data, the study found that crecation of a new load list every
three years is adequate.

Two arcas included in the NAVPGSCOL report were also examined diuring

the FMSO stuly.  These oreas are the ose of the AQD o o measure of
cxsnentiality tor all items, cund the rtemova]l ot the 1.anae cut trosa the rott,
41




model. The most important factor about thene studies is that the repurts
disagree. In cvaluating the wic of the AR as o measure of cggentiality

for all items, the NAVPCSOOL study found that this model change produced

a "modest" increase in cost, an incrcase in effectivencss uf less than onc-
half percent and, therefore, recommended that the change be used in the future.
This FMSO study of the same subject found a slight reduction in cost, from
$2.328 million to $2.32% million, and a larqge decrease in hoth the number

of requisitions ratiufied (9.0%) and in the number of units satisficd (11.8v)
{sce TABLE XII). Bocause of tho:ie findings, Lhi: utudy recommends that this
madel change not be uscd.

beleting the range cut from the math model was also studiod in both projecta
and again ecach study had different results. During the NAVPGS(OL. study, the
removal of the range cut increased the range from 13,.!17 to 19,975, cut the
cost of the load list about in half and increasud effoctivenetus less than I,
Further investigation was recommended because of the low cost. The NAVIGE(OOL
stucly also evaluated reducing the range cut to a value of 4.0, but recommgnded
against this change. In this PMsD atudy, remwing the range cut incrcased the
range for the 1980 load list frem 14,480 to 65,486H, incressed the Joad list
cost from $1.906 midlion to $6.45%9 million (see TARIK VII1), reduced the
number of requisitions satisfied by 10.8% and reduced the numisr of units
satisfied by 4.3% (nee Ak & (OWUS) cvaluation in TAME 1IX),

It is believed that the differences between the tw studics is caused by i
combination of the different data used in the two studies and the different
procedures employed. The NAVPGSCOL study used 1977 data as compared to 1980
data in this study. 1In building a test load list to compare with the basic

load list, the NAVPGSCOL study changed only the math model program itself.
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.nd replace the item. 7The K2 parameter is found in the routine which uses

BRI and item population to compute AQD.

AQD = -"-f“-’l L(POPS) (K2) 4 (POPT) (K 3) ]

A value of 0.1 was assignea to K" throughout this study.

5 Fi - this value represents that portion of an item's "tender population®
(POLIT) thar 1. nuppwortod by the tender. “Tender Population® is defined as the
ttem pupulation that i used an applications requiring intermediate (tender)
lovel saintrnance ~apabilitic: 1o yemove and replace the item. The K2
porameter i wud Lo voapulo AYD (see doscription of K2 parameter). A value
2f Q.h7 was asdigned to K1 throughout thas study.

. Eawent) lity rempwt stion Parametorn - (sce APPINDIX C for definitions).
e a3l ming values weore aeqigned to the ossentiality parameters throughout
this otudy:

KF = 1,00
g = 0,67
vy - 1,00
Avpma, = Q.

I Y ;'II\' = G 10

he Yol waendd Ry ol gerr ettt s wete aise used duting the courfre of thas
B -

Yoo rhe e np st g o e Ly comgwited {or each atem
By tiwe MRRN . el R v sapycewete e oAy grted Ty demae? foroan entire
L LT ER rmee BT UULAT TR T pemgpom fe comgout s Lhae Joad last guan-

Filres oy o o2 oerTe 8w ae gage,r ghig, cvean M fwst e adjusted to

YRR ERREN S BB I Ay C xS amoley Tres wdgetpeeat = made - mmlt.oplying

D
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the ocean NPD by the adjustment factor, X2. Since there are six Atlantic ADs

and ARs, the value of X2 in this project becomes:

X2 = 1/6 = 0.166 = 0.17

The value of X2 was set at 0.17 throughout this project.

. KMAX and KMIN -~ the routine which computces an acceptable risk of

stockout for each item contains variuble parameters which define the maximum
and minimum allowed values of computed risk/protection. The program is de-
signed to automatically use a maximum allowed risk (KMAX) of 0.97725 and a
minimum allowed risk (KMIN) of 0.02275 unless othcr values are entered by

the program user. 1In this study, the built-in value ot 0.02275 for minimum
risk (equivalent to a maximum protection of 0.97725) was used throughout

the study. However, the built-in value of 0.97725 for maximum risk was
adjusted at several points during this project. When changes were made, they
are clearly described in the body of the report and at all other times the

built-in value was used.

As noted earlier, the TARSLL program provides several different routines
for making some calculations and also allows the user to exclude routines that
are not needed. This study made usc of both of these options at appropriate
times. When, for example, the runge cut procedures were not wanted or
required, the program was instructed by the use of the appropriate parameter
card, to skip the range cut routine. Similarly, when tests of a load list
based on units satisfied were made, a parameter card was used to instruct

the program to use the units effectiveness computations in place of the

normal requisition effectiveness routine.
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APPENDIX C: COMPUTING RELATIVE TUEM LSUENTIALITY

The current AD/AR math model program uses the procedures descriled bLelow
to compute o numeric value for Reliolive [tem Essentiality ("E") ftor those
items with no demand history. The value computed {or "B' is used 1n
computing the item's acceeptable yisk of stockout.  The computation of "g"

uses the following item data:

POPS - (DEN E28) - item population or supported ships requiring only
organizational (ship) level maintenance capablility to remove and
replace it.

POPT - (DEN F2€A) - item population on supported ships requiring inter-
mediate (tender) level maintenonce capability to remove and replace
it.

MECS - (DEN E26) - o pseudo average Militory Essentiality Code, developed

in UICP program B17¢7. It is considered the average MEC for the

item population requiring organizational level maintenance.

MECT - (DEN R2GA) - a pseudo average MEC developed in UICP program E17CZ.
It is considered the average MEC for item population requiring

intermediate level maintenance.

The. computation of "IE" olso uses the following variable parameters (see

AVIENDIX A) .

K1 Standard Ttem Bssentiality (DEN V2i6) -~ the value assigned to

"1l a1t cannot be computod becaase ot oanissing data,

KG = leet tssentiality coefficivnt - (DBEN v217T) - o weighting factor
Aansigned Lo the compuabation ot "R e s the value of
-1




"E" computed for the item populatioun requiring organizational

level maintenance.

KT = Tender Isscntiality Coefficient (Dhen V219) - a weighting factor
assigned to the computation of “HT". "ET" is the value of "E"

computed for the item population requiring intermediate level

maintenance.

ALPHAS = Fleet Essentiality Exponent (DEN V218) - the parameter used
to control range of values that can be computed for “Eq" (sec

above). By adjusting the value of ALPHA_, the difference

S
between the highest ”Es". computed for the most essential
organizational level items, and the lowest "ES", computed for
the least essential organizational level items, can be changed.

Currently ALPHAS is set so that "E_" varies between 1.0 (highest
[%]

essentiality) and 0.001 (lowest essentiality).

ALPHA , = Tender Essentiality Exponent (DEN V220) - used for same
purpose as ALPHAS, but is applied to "ET“ computations. "i_"

also ranges from 1.0 to 0.00l.

The value of "E" is then computed using the following three formulae:

B, = (ks)e” (116 - MECS) ALPUAg

- 39 - I, ’
ET = (KT)e (58 - MECT) ALIHAT

(POPS)ES + (POPT)ET
POPS + POPT

E =
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